
402 6931"

0 A IVIUDM QUARTERLY FROOMZ=S 1Z13T

"COVUZG PERIOD KARCH 15, 1957 to JM 15t 1957

CONTRACT NOrd 15764

Qualified requesters mau
obtain copies of thia

report from ASTIA% ,

f byU

dC HEBERT B. AIMLS

-WA

JULY 5, 1957

OWM-COMIIUO FZBWLAS CCSPORAMTW
alB:o and Applied Research Crater

Newark, Ohio

APR



Best
Available

Copy



TABLE OF CONTETS

INTRODUCTION • e 1

II SUN4AR!e ** e s * se .~o e ~ o s e 0 3

A. Improving existing and investigating new methods of forming
and working composites of aluminum and aluminum coated glass
fibers a * s a s , * e * .. . . , 9 o s 9 * s e * e * s s 5

1. Composites made using varying amounts of aluminum coated
glass fibers . g• • • gecoge S

2. Composites made by the vacuum injection technique using
varying degrees of vacuum . . . . e . . . ... s o a o 6

3. Forging of glass-reinforced aluminum . . . . . . . . . . , 7

,4. Improved fiber predrying techniques . . . . . .... .* e

5. Composites made in a Vycormold , , . . g• e.... 9

6. Bi-metallis combinations. . ..... .. .. .. •.*

7. 122L alumin um alloy , s. . . , , , • a , , • . • 9

L. Determining a complete set of physical data on a standard
glass-reinforced aluminum composite in -order to indicate the
general characteristics of glass-reinforced metals as a
Olass of materials . . . .10

1. Composites made by the vacwum injection method . . . . 10

a. Creep rate and stress rupture tine . .. .. .o 11
b. Wear resistance . . . , , . , . , • . , , . . • , . 13
c. Water absorption ..... , , • . . . . . ... 13
d, Stress-strainourves.. •.....ee. ..... 15

2. Composites madebi y hot pressing method ... .... , 15

C. Developing a method of forming composites of aluminum and
bare glass fibers and evaluating the pbysical properties
of these composites .s s . . s . .s.,, *.... 1 6

1, Wettingstudies e , •a .s s * , s , e , s s # * 16



TABLU Of CONTENTS (continued)

D. Production and toeting of glass-reinforood aluminum
tubular shape@. . . ............ . . * 16

1 Operation of Oln-Kathisson centrifugal casting
unit.. • c e. . c. . . .. . .o.ff *** . .o. 29

2. Tubes I" indiameter • o

5. Developing a theory on the interaction of metals and glss
fibers , . . , , , , • , , , , , . , • , , • , , , • o , , • 20

7o Developing a glass-reinforoed metal having utility at
tmperatu reros above 1Ov• , , o o o . . o , .. , o 21

IV 7UTURERBc cc=. It ececc. .c*

V APPI.M1 oc c c c e c e 13



I INTRDUCTION

The major efforts during the period covered by this report blarch 15 to

June 15, 1957) have been-in the following directioniqa

A. Improving existing and investigating now methods of forming and

working composites of aluminum arid aluminum, coated glse fibers.

B. Determining a complete set of physical data an a standard glass-

reinforced aluminum composite in order to lndicate the general

characteristics of glass-reinforced metals as a class of materials*

C. Developing a method .of forming composites ct aluminm and bare glas

fibers and evaluating the physical properties of these oomposites.

D. Production and testing of glass-reinforced aluminus tubular shapaI.

1. Developing a theory on the interaction of metals iad glass fiberes

F. Developing a glass-reinforced metal having utility at temperatmues

about 1000F.

The work reported represents the combined of forts of Messrsl J. le Abe,

R. 3. Evans, B. B. Usrick, P. A. Lockwood,, H. 3. Mathews, I. A, Mattemr

C. A. Riesbecks 1. W. Smart, R. S. Swain, G. 3. Wince, and the author, of the

GlaIs-Metals Research Laboratory, and Dr. H. B. Wkitthurst,, leptment Neo.

Acknowledgment is also made of the valuable assistance given b nmu otheit-

members of the Basic and Applied Research Center.

Physiocl property measurements of the glass-matal test bare wew* perfe"ned by

the Olin.Kathlsson Chsmical Corporation in low Haven, Oomeotiout, m= I tbe
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Ohio State Inginsering Ekperimsnt Station .Of the Ohio State VUiVsttq Is

Colmbus, Ohio.

Work on fabrication of large shape", in partioular tfingp ot glaue-reiatereed

aetal has been subcontracted to the Olin-iathie•Am Chembal Corprautdm In

New Haven, Connecticut.
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II suIQIAR!

An evaluation has been made of several of the major variables in the vacuu

injection technique of compositing aluminum and aluminum coated glass fiberse

This evaluation was made with the intention of producing better composite

materials and simplifying the processes used to make these materialso The

standard technique uses a vacuum of about 0.1 sm Hg absolute pressure to pull

molten 10S aluminum up around about 50 grams of aluminum coated glass fibers

longitudinally oriented in a pyrex tube. The use of various degrees of vacia

up to 303 = Hg absolute pressure does not decrease the resultant oOmposite

strength, but the use of a vacuum of 550 m- Hg absolute pressure causes a

significant decrease in composite strength. The use of over 80 grsn of alvain

coated glass fibers in place of the standard 50 gram results in composite@ having

lower tensile strengths. In both cases the cause of the reduction in composite

tensile strength was probably due to incomplete penetration of the molten aluminum

into the fiber bundle. A strong, fluid casting alloy, 122L alvuinm, has been

reinforced with glass fibers to give a cmposite some 10A strong'm than the

standard glass-reinforced 144 aluminum alloy. The use of a Vycor sold in place

of the standard Pyrex mold aso increases the composite tensile strnagth about 100

Samples of glass-reinforced aluminum were successfully hot forged at tamperaturoe

of 1100*Y to 1300°. Indications are that hot forging will be 4satisfactos

method of providing som end-use shapes from glas-reinfr ced.,aLminum n•ogto.

Additional creep data reinforces the earlier amolwiot that Ike oreep rate 09

glass-reinforced aluminum is less than IS of the creep rate'of usMintoueed

aluminm, The wear resistance of glass-reinforced alminim is lees th tMt at



unreinforced aluminum A composite made by hot pressing alumin oted

Iglass fibers had a room temperature tensile strength of 14S0O0O psi as oempared

to a roam temperature tensile strength of 1ose than 30,000 psi for the

unreinforced aluminum alloy.

A study of the vetting of several aluminum alloys on fibers at fifty tffream

glasses has shown no glass to be appreciably better than I gloss in its abiliti

to be coated by aluminum. In general, the metal composi4ion is .ere Important

than the glass composition with respect to indicating the extent, at the glass-

metal interaction and the ability of the glass to be mntal coeted.

Xodifications to the Olin-Mathieson centrifugal casting unit have peoulted in

improved operation. Several large tubular shapes of glas-reUtoreed alni .

have been cast, but no test results are available as yet.. A mall glas-

reinforced aluminum tube tested In internal bursting did .nt taa at 36#=000 pe

rim stress at room tomperature.

Initial work has begun on a study of the interaction of metals m4 glais fioe

and on a proerm to develop a glus-reln orced metal that my be wed at

temperatures above 10001.

-'4-
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III DISCUSION

As Improving existinr and investigating nov methods of folmW d working

composites of aluminum and aluminum coated class fibers._

1. Composites made using varying amounts of aluminum coa te glms fibers.

Using the standard vacuum injection technique,(l) glass-uoitrtooed

aluminum composites were made containing various amounts of alumism

coated glass fibers. The aluminum coated gdass fibers are pulled imte

a graphite tube mold so that all the fibers are longitudinally oriented.

Then molten aluminum is pulled up around these fibers by applicatiou

of vacuum to the mold. The glass concentrations have not been

determined precisely, but fall in the range of 20 to 35 volume Peeeto

Composites containing 60, 70, 75, 80, and 85 prme of alusinumoosted

glass fibers were made'and tested. The composites wiMe t treated

at 9401F for 3 1/2 hours, quenched in water, and aged at 3i4O fhr

17 hours. Table I gives the results of this study.

TABLE I

OWARISON OF VARIOUS GLASS FIBER CONCETRATIONS

Sample Wari of Aluminum Tensile Strength at Average Tensile
Number Coated Olass Fibers Room Temperatares nil .

EH-ZII1-166A 60 31,800

166B 60 24,050

166C 60 19,4w0 26,000

166D 60 26,800

175A 70 20,800

1755 70 19,600 1,o100
175C 70 220,800

(1) H.S. Whitehvrst - first Annual Progress - C P 3571.



TABLEI (Continmed)

Sample anms of Aluminum Tensile Strength at vrargo ToeulUM
Number Coated Mlass 1ibers Room Temperatmuro DL
U-MI-176A 75 22800

176B 75 31,050 I6,60O

176C 75 30,100

176D 75 22,500

177A 80 22,700

177C 80 17,350

177D 80 32,0900 2,O

1773 80 23,500

177F 80 2,100. -

185A 85 18,300
1853 85 22,000

185C 85 11,•5 0,800
185D 85 15,250
1857 85 11,750

It would appear that the use of over 80 grams of aluminum coated &lass fibers

resulted in a decrease in composite strength due to inomplete penetration @f

the molten aluminum around the fibers.

2. Composites made •y the vacuum injection technique using VVry

deoues of vacuum.

In the standard vacuum injection technique molten aluminum Is pulled

up arouni longitudinally oriented fibers br the applica•ion of vammu

to the mold containing the fibers. Coaposites have boon mads uwin

various degrees of vacuum tc determine the effect of this variable M

composite tensile strength. The samples are made b pulling IW

aluminum around aluminum coated glass fibers* The CoMposits Wer et

-6-



heat treated. Table II gives a summAr7 of the data taken in this

study.

TABLE II

C221ARIM0 Or DIFFR3T DE1 Or VAWUUN

Absolute Pressure Number of Average Tensile Itrength
In Nold, M HE* tmoles Tested at Room Tn.eratu•oe ne

0.1 2 19,700
13 14 19,600

27 1 7,700
56 1 24,600

87 1 20,300

303 5 19,000.

550 6 10,700.

Apparently, an absolute pressure of 3C3 ma HS, i.e. a vacuum of 457 mm Hg,

is as satisfactory as a full vacuum of 0.1 = Hg absolute pressure. However

at 550 mm Hg absolute pressure a definite doorease in compoaite strength .is

evident* This decrease in composite strength ma be due to Incomplete peonotratie

of the molten aluminum arourd the fibers thus forming a composite containing.

considerable voids.

3. Forging of laso-roinforced aluminum

Preleimtr7 experiments have been corducted Snto torming'end-us shapes

by hot forging glass-reinforced aluminum. A forging dies was onstrusted

to fit a press in the Olin-*athieson forge shops in Nw' Haven, Conneetift,

The hot forging experimento were then conducted at Now Havoen Bmples

of glass-reinforced alu•minum made bF the Wom Jeetion toebiqeo am

the hot pressing of aluminum coated glass fibqrs tohnique were

successfully hot forged at tomperatures of UWO'F to 3 F. Thes

a7-



samples ranged approximately from 20 to 50 volume perceent lass

fibers.

It would -appear that a narrow temperature range Is destrabje for the bet

forging of glass-reinforced aluminum. Any temperature much above tUo

optimum results in metal being expressed from the composite due to

the high metal plasticity. Any temperature much below the optimu

results in cracking of the composite due to the large local forces se"t

up in the material. The optimum temperature for hot forging glss-

reinforced aluminum samples containing 20-30 volume percent longiteudinau

oriented glass fibers is in the range of llO0-12000. It appears that

composites containing increased amounts of glass fibers will require a

slightly higher forging temperature. It is to be empected that fiber

orientation will also have some effect on the required Iho forging

condition.

4, Improved fiber predrying techniques.

A previous report (1) has shown that predrying aluminum boated glass

fibers at 6001 for 24J hours before combining them with molten alumins

by the vacuum injection process results in improved cempoeite tensile

strengths. Recent experiments have shown that predrying almInm "eate"

fibers for several hours at 3004 followed by additiopal drying for at

least 20 minutes at 600F results in c6mpoeites havi*' tensile strength

equal to those of compoeites made from fibers dried for.24 bhors at

60O07, Neither predrying Trbers for one week at 110EV nor for I5 asdotee

at 120007 resulted in satisfactory compoelte tensiI6 btgs.

(1) L. S. Aiss econd Annual Progress hporti O•mt at UO4 Ind.i
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5. Cmposites made in a Vycor mold.

Composites made by the standard vacuum injection teohnique wing a

Vycor (961 fused 'silica) mold have room temperature tsnaij. stroem

higher than similar composites made using a Pyrex mold. -' ibl III sew

the tensile strengths of composites made minttg' a Voor molt. Simile

composites made with a Pyrex mold have an average room temporatere

tensile strength of 26,130 psi.

TABLE III

OLA0S-RKIWOIICD ALUMINUM MADE IN VTC3 NOI=

Tensile Strength at Average Tnsile
Seanle Number Rom Temrature. psi M m

XH-ZXII-1721 35,700
819-51A 27,4O0

819-51B 25,400 30,620

819-51C 24,100
819-51D 40,500

6. Bi-metallic combinations.

Unsuccessful attempts have been made to reinforce aluminum with metal

coated glass fibers having higher tensile strengths than alminum coast

glass fibers. Using the vacuum injection technique attempts were made tio

pull molten aluminum around glass fibers coated with lead, copper, an

silver, In all cases insufficient penetration was realised to mke a

composite suitable for testing.

7. 122L aluminum allcy.

A relatively strong alminum casting alloy, I=L has been rei•foereed b

aluminum coated glass fibers. It was oped that this alloe hakl" u -



what better fluidity, might offer an improvement over the stwarda.

145 aluminm alloy as a matrix for glass fibers. Table IV prmments

the tensile strengths of composites made by the stadard vaocu

injection technique using 122L aluminum alloy am the matrix alloy. The

remJitant composites were heat treated at 940d? for 5 hours, qusuohed

in water# ard aged at 34O*F for 18 hours.

TABLE IV

Q 88-REINMRCED 122L A.UIDU A=

Tensile Strength at Modulus of, Elasticity
3gple Number Room Temperature, psi at Room Tierafare. asi

8W -15C 31,300 10.9 X 106

819-1.D 33,300 1o.8 .106

819-15F 29,700 10.2 x 106

819-,50 22,900 10.3 x 106

These samples are about 10% stronger than those using the UO alumim

matrix. This might be due to sounder castings due to the we of the

more fluid 122L aluminum alloy.

3. Determining a complet, sot of physical data on a standard flsso-roinfltrced

aluminum composite in order to indicate the general eharacteritios at elass-

reinforced metals as a class of materials.

1. Composites made by the vacuum inJection method.

It was deemed advisable to get a relatively complete evaluation at the

physical properties of a material which is essentially u-T66 lis

reinforced with 20-30 volume percent continuous lonaitadinma1 eeemue

glass fibers* This material is made by palling#, wer vawmp, maltem

- 10 -



3.43 aluminum into a mold containing umlinumi coated gi..s fibers. fts

material was chosen as the best available one year agO, when the

evaluation bepn'. However, since that time, developments have beam made

which affect the physical properties of glass-metal composites. Zt hes

been decided to continue the evaluation of physical properties based en

the original composite type so that a related set of physical propent

data will exist. This sot of data can then be oeid to indioate the

properties of materials which incorporate any future developments,. t

information collected during this reporting period feolows

a. Creep rate and stress rupture time.

Data on the creep rate and stresa rupture time of th stanad glass-

reinforced aluminum samples is shown in Table V and plotted i.

Figure I. The sensitivity of the apparatus used allow the measurs

ment of .001 m deformation over a 3 lnch gago length or ,0013%

deformtion.

TABLE V

CRE AID STRESS RUPTIRE

Sample lumber SH-XIII-9IF (1) Sample lumber M-1UIl-9g
Tensile Stress, 15,000 psiS 5M°. Tensile Stress, 13.50 gi S0 5001.

* TimeO Total Time, Total Time Total
Hoers Deformations Hours DeformationJ Hours satiou,

0 .224 0 .217 78.5 .250
14 .282 2 .222 79.5 .252
15 .290 2.5 .231 167 .253
16 .290 4.5 .247 167.5 .255
17 .290 5 .2142 198.5 005

21 .305 .5.5 .243 215 .260

23 .326 6 .242 22) .256

(1) In last report (H. B. Alles -Second Annual Progress Report,, Ceitrct- 30442?6)
this data was erroneously presented as being taken at -a stress of 12f0 pal.
Actually the ample was stressed for 9 hours at 12500 psi with me elematsm adu
hence, the stres was raised to 15,000 psi at which ime the *imo daWt was Lfitlats,

-.11



TALE V (continued)

Sumple umber a-xil-9•T- Sample Eumber ]M-Xn--4P14
T-nsile Stress, 15,000 pai l 50o, Tensile Stress, 13,50 M i 9 500"0.

Times Total Time, Total Tim#e Total
Hours Dofornatio, JHours DefomationA ! o!E WuMM06

63 .326 6.5 .227 239 .255

87 .326 7 .234, 263 .261
01. .326 7.5 .236 271 .265

135 .326 8 .248 316 .271
159 .326 23 .240 383 .257
1283 .326 23.5 .2441 4.07 .257
207 .326 47 .236 431 .263

236 rupture 53 .236 41.55 .2•

53.5 .230 $51 .237
56 .229 575 .270

71 .226 599 .24)

test discontinued

It will be noted from Table V and Piguro I that no secondary creep

was observed at stresses an high as 15,000 psi at 5000F. 8=me creep

data on unreinf oroed lhlS-T6 altuinmv indicates * soeouAW creep rate

of .000375 percent per hour at 9,000 psi and .007 4 o006=000 peremS

per hour at 4,O0• psi and 600F. At the vert most the secondary steep

rate of glass-reinforced alunmnm would be .000002 poevsnt per how

at 13,500 psi and 5000F and .000006 percent per hour ot 15#000 pes md

5007. It is also of interest to note that a stress rupture poist

was obtained for ample SH- I-94? at 236 hours usde' stress of

15,000 psi at 500F. Although this sample was steesd at a stress

large enough to cause failure in 236 bours, so eseesMI sreep as

evidenced

- 12 -



b. Wear resistance.

Measurements of wear resistance of the standard glass-reinforced

aluminum composites were made Jn a Falax Wear Tester. The test

samples are two notched blbcks and a dowel as shown In Figure 11.

The dowel is rotated in the notch as load is applied to the blecks.

The results of them. teats are shown in Table VI (next page).

The test samples of glass-reinforced 4aminum were constructed so

as to have the glass fibers oriented in three perpendicular direetioen.

The first, fourth, seventh, and eighth (as itemised in Table VI)

samples had the fibers coming up out of the notch in the blocks. The

second and fifth samples had the fibers oriented perpendicular to

the length of the notch and the thid sp4 sixth samples had the fibers

oriented parallel to the length of the notch.

It is evident that these glass-reinforoed aluamium specimens evideneed

considerably lose wear resistance than either the unreinforeed

aluminum or the standard steel specimens.

a. Water absorption

A study of the water abeorbtion of the standard Slase-feirtoreed

aluminum composites has been initiated. Samples containing variems

amounts of glass fibers are submerged in water md weighed at eortals

intervals. The average of the data taken indicate a stedily

decrouasng rate of weight gain reaching a maxiom welght gama et

.2 to .3 weight percent after about I weeks nmreios. seo 1Ue teete

will be conducted on these samples after Immorsie for te meathet

.13.



340

.4I 43

ic A
33j

*43

46

A Al A J 1 .I



d. Stress-strain curves.

Btress-strain curves taken during tensile toeting of the stmdid

glass-reinforced aluminum composites have inditated a change in

slope, L.e. a change in modulus of elasticity. As an overall,

it might be said that the modulus in about 16 x 106 psi up to

5,000 to 10,000 psi tensile stress an& then deaoase" to 3-5 x

106 psi. A complete translation of this information has not bern

made, but indications are that of a phase failuro at omn estres

considerably lover than the ultimate tensile stresso.

24. Coposites made by hot pressing method.

Tensile tests have been made on composite& made by hot presuing

aluminum coated glass fibers in the now hot pressing die. The .nsw dle

forms a composite having a rectangular shape. This die was oozatmie1ted

to replace the old die which produced a composite having the shape oa

a tensile test specimen. It was thought that the old die prodused

composites having decreased tensile strengths due to the ne2ssvvo

stresses created at the neoked-dowh section' of thedis. The aluUmj

coated ilase fibers were pressed at 6001" and 34 taen per square In&

pressure. Theme specimens consist of 50-60S glass fObera in a

relatively weak aluminum matrix. Table VII gives a ra r sC the

tensile strength data taken on these eeoeeites.

-1.5-



TABLE VII

TUISUZ 5TRUOTHS ( HOT MUtJSED ALUK331UN C)DAT3GS 06 IBERS

Sample Testing Tensile
Number Temperature Strength, ne

101 R.T. 18,750

102 R.T. go9 .o0

103 R.T. 23,409

105 R.T. 29,280

107 R.T. 7t,920

109 R.T. 5,900g

lOl 500"7 17,20

106 500"F 21,71O

108 500"r 14,81O

* Visual examination of these broken tensile test specimens showed relatively

little consolidation of the aluminum coated fibers at the point at failure

indicating that insufficient pressure and/or temperature had been used toe

form this set of composites.

C. Developint a method of forming composites of aluminum and bare slass fibers

and evaluating the physical Propbrties of these commOsites.

L1 Wetting studies.

An extensive program to evaluate the wetting of 50 different glasses I

various aluminum alloys has been oompleted, The glasses were seleoted

to be representative of a wide range of knew glass a mpeitiom. All

the glaises contained Ri2. Twenty-four of the glasses re modificatio.ns

of the standard I glass and twenty-five weve of wido• , veriant emp sltiem,

The wetting of all the glass" by 281 145; pd S5 2, 1% Od, bel•eme

.. 16 -



aluminum alloys was e•aluated. In addition# the wtting of I glass W

5681 3.4% Bi, balance aluminum; 9% Sn, 1S Ag, balance aluminum! and

2% Sbbalance aluminum alloys was evaluated.

These tests were conducted by forming fibers of each glasm, dippirn

three or four fibers of each glass in each metal to be evaluated, and

then visually examining the dipped fiber under a microsoope. The visual

examinations did not indicate any glasses voich were coated appreciably

better than I glass.

Although the visual examination indicated which ccmbinatiens of glasse

and metal gave good coatings little was indicated of the iateraetion or

boanding of the metal and glass. Hence, selective samples were acid etebed

in 3 normal hydrochloric acid to remove the natal coating allowing

examination of the fiber surface. Figures 11, IV, V, an VI illustrate

the results of this study. Figure III shows a bare glass fiber which

has been etched in hydrochloric acid. Figure IV shows a glass fiber

which was dip coated with the 5% Zn, 1% Cd, balance aluinum alloy and

subsequently etched in hydrochloric acid. Figure V shows a glasu fiber

which was dip coated with 25 aluminum and itched and Figuse VI shows a

glass fiber whtch was dip coated with lW aluminum and otehed. The

interaction between metal and glass is such more evident vith the 1W4

aluminum than with the 25 aluminum which is, in turn, someu•hat mre

evident than the interaction between glass and the 50 Us 3S Od, balanee

aluminum alloy. It should be mentioned that these figures illustrate

severe cases of interaction and are not typical of the degree 4t ater-

action whiih takes place between these alloys and A glow, lewverp te'

.170



relative order of interaction is still evident with 2 glas aod otheer

similar glauses having coatings which are visually superior to the ones

etched avay in these figures.

An stated previously, none of the fifty glasse. were superior to I glas

which is in present use. Hoveverp sow general statements can be nade

based on indications from this study. In gsnerel, the presence of oeite.

of barium, sine, lead, and iron (ferrous) in the glasses seei" to

adversely affect the ability of the glass to be metal coated. Mlasses

containing 8 to 1U borates and possibly those containing 24&% fluaiune

had improved ability to be metal coated. A high total content of the

oxides of sodium, potassium, and lithium in a glass improves its ability

to be coated by IW5 aluminum, but bans its.ability to be coated q is

aluminum and the S% Zn, 1% Cd, balance salm•aua alloy.

The results of this study indicate that the campo.ition of the metal is,

in general# more important than the composition of the Stan@ with respeest

to the extent of the glass-metal interaction and the ability of the glass

to be metal coated.

D. Production and testirg of glass-reinfarced aluminum tubular shaies

It has been found desirable in the best interest of this project to Ab-

contract to the Olin-Kathi•eon Chemical Corporation work on fabrl"eaUn larg@

glass-reinforced aluminum tubes. Initially, Olin4athiasm 1All make teme

tubes by centrifugally casting aluminum wound preferm ot almmim mud

and bare glase fibers supplied by our laboratory.

-18



1. Operation of Olin-Hathieson centrifugal catingi =it.

This unit was put into operation in February, 195t. Initial shake.

down runs and modifications were made. About thirty bontrifugal aesting

shote were then made. Some promising tubular sampls, of glass-roniforeed

aluminum were formed, but it was thought that 'man lwprovets im

technique and equipment could be made. Hence, a new casting mold was

designed and fabricated. A new, higher spesd, drive was installed ad

other mechanical improvement@ were made to the unit. The madified mit

has recently been put into operatione. Initial runs Indicate that the

additional pressue on the molten metal during casting by virtue ef 6e

higher centrifugal speed will aid considerably in premaing satisfaetery

tubular shapes. As yet no samples have been testeo ftr Internal bursUng

strength.

2. Tubes 1" in diameter.

Olass-roinfcrced aluminum tubes 10 in diameter have been made by a

previously described(l) modification of the vacuum Injection method.

These tubes have been tested in internal bursting. All tubes have been

made using strands of aluminam coated glass flbers as relpfereemaet Wd

US aluminum as a matrix alloy. The tubes were heat trested at 90"7

for 3 hours, quenched in water, and aged at 340OF for 18 bors. Table TM

gives the tubular bursting strength date taken dring, We repetiug

period.

( R) 1. B. �itsehurst and H. B. Ailes - Fifth Quarterly Prlgress IsPeWt

(Contract lOrd 15764-)
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TABLE VIII

MLA8B-RMiM3D AI4iIPD=4 TUBN

Sample Tosting Internal Dursjnig Eqivalent lno
hM1ber Tom -er••tre, *. Pressure, psi 5tress, PAL

I-M"Z-14s9C R.T. 5000# (1) 35,600

1253 500 350 2,400

125D 1000 750 5,300

125C 1000 115o 8,500

1149B 1000 250 1,900

It should be noted that the bursting strength of sample number

EK-111I-125S was unusually low. The average of previously reported

values of equivalent rim stress at 500*F wa about 17,000 psi.

Z. Developing a theory on the interaction of metals and g-ls fibers.

The combir•ation of most metals and glass fibers results in. some depadatium

in the strength of the glass fibers . It is of paramount Importance to

understand the interaction which takes place between the metal ad Ike glan

fibers. Once the interaction is aore clearly dq.ined $t will in all

likelihood be possible to control'thid interaction and produce oomposite

materials of glass and metals having the most desirablo properties.

A single fiber tensile tester has been amssnbled from existing q•ipmeot

and is shown in Figure VII. .This teter will be ued to mau$e the t•mle

strength& of glass fibers which have been contacted with metal .havnlg

various melting points end chemical reactivitie;. The tensil, teeter has

been placed in operation ard its relative accuraca "Creleiahlity bve

been detemined.

(1) Test haW to be stopped short of failur, fear fto of damisgS testt4
• equatimem!.



1. Developing a glass-roinforced metal havins utility at Mereatu's

above 1000F.

Preliminary considerations indicate that copper alloys may be Vhe met

satisfactory metals for initial experiments on developing a gloss-roitoreed

metal having utility at temperatures above 10008F. In particmlar, conid.

oration will be given to reinforcing the beryllium coppers, the alwmim

bronzes, the manganese bronses, the silicon bronses, and 70-30 brass.

Considerable work has been done on chemically coating I glass fibers with

copper. This has been done by dipping fibers In tse coatiag solutom ad

by applying the solutions to the fibers as. the fibers are being formed.

In general, the coatings which have been obtained t this wethd are

visible on only a small percentage of the fibers Aioih have bees epesed

to the coating solutions. In addition, it appears that Wie methed UtlU

not be satisfactory since one of the coating selutiems is quite Minble

after initial eontact with the glass fibers.
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IV FUTURE WEE

Work will continue on developing improved glass-reinforoed alunium mteraus,

The optimum conaitions will be determined for forming coamposites bp hot

pressing aluminum coated glass fibers. Various fiber dimensions and oritatmtltm

will then be investigated using the hot pressing techniqueo Prolimina

experiments will be conducted on the extrusion ot glss-rointoroed ml.min.un

Additional results will be available on physical proporties of glassrsutesemd

aluminum comp;mites. Modulus of elasticity in shear, compressive etatngtho

creep rate, stress rupture characteristios, and fatigue strengths wiU be

measured at temperatures up to 10000. The water A8sorptia eapaeity mad wet

strength of glass-reinforced aluminum will be measued,

Olin-J4athieson will produce and test large tubular ahapes ot glass-re inered

aliuinum. A static castin unit will be built to oest ote•e large shapeas o

glass-reinforced aluminum.

Efforts will be directed toward development of a theo egplainiug the

formation and behavior of glass and mntel oombinmtions. Investigation st the

alumnun-glass interaction will be made.

Work will be done on the development of a light weight strustsral mnterial Web

will have utility at temperatures as high as lSO*,. Attempt. to two'

composites of glass fibers and copper alloys will be the n4tial efforte in

this direction.

Herbert B. Alles
u/ Glass-Metals Research LUesteiry
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